A total of 27 polyphenolic compounds were detected, identified and quantitated in methanol extracts of various botanical parts of Senna splendida (Vogel) H.S. Irwin & Barneby. On a dry weight basis, the higher concentration of polyphenolic compounds was detected in the leaves (28.524 g/kg) and roots (13.884 g/kg). By contrast, the values in the flowers (6.331g/kg) and bark of Senna splendida (2.736 g/kg) were considerably lower. The major component in Senna splendida leaves was quercetin diglucoside, (7.887 g/kg), in the roots methoxy oxyresveratrol (4.485 g/kg), in the flowers quercetin-3-O-rhamnoside-4´-Oglucoside (2.885 g/kg), and in the bark quercitrin (quercetin rhamnoside; 0.881 g/kg). The composition of the polyphenolic compounds in the flowers, leaves and bark were dominated by flavonoids at > 98%, whereas the composition was quite different in the roots, of which the major components were napththapyrones (54 %) and stilbenes (39 %) with a very low contribution from flavonoids (5 %) and phenolic acids (2 %).
While there are abundant reports on the polyphenolic profiles of the genus Cassia [1, and references therein] to which the genus Senna was also assigned until 1982 [2] , there is a dearth of scientific reports on the phytochemical content of representative species of the genus Senna. Noted components of the original combined genera are the Sennosoides, which are important commercial purgatives [3] . Extracts of Senna species are also reported to encompass a wide range of biologic activities [4] . These include analgesic, antiallergic, antifungal, anti-inflammatory, antimicrobial, antioxidant, antiparasitic and antitumor properties. Recently Campos et al., [5] demonstrated that ethanol extracts of Senna velutina leaves exhibited both strong antioxidant activity and cytotoxic effects against Jurkat and K562 leukemic cancer cell lines. This was attributed to a high concentration of flavonoids in the extracts.
A few polyphenolic compounds have been reported previously in Senna species such as Senna macranthera pudibunda namely 10-demethyl flavasperone, 10-demethylflavasperone-10-sulphate, 10-demethylflavasperone-10-O-β-D-apiofuranosyl-(1-6)-O-β-Dglucopyranoside and cassiapyrone-10-sulphate (7-methyl-10-demethylflavasperone-10-sulphate) [6] as well as the new rubrofusarin-6-O-β-D-glucopyranoside, quinquangulin-6-O-β-Dapiofuranosyl-(l-6)-O-β-D-glucopyranoside, quinquangulin-6-O-β-D-glucopyranoside and chrysophanol dimethyl ether in addition to the known chrysophanol, physcion, cis-3, 3', 5, 5'-tetrahydroxy-4-methoxystilbene, trans-3, 3', 5, 5'-tetrahydroxy-4-methoxystilbene, and cassiaside B were identified [7] . Rutin has also been identified in Senna italica Miller [8] whereas luteolin has been described in Senna siamea [9] . Much more recently, a biflavonoid procyanidin of the proguibourtinidin group (2R*, 3S*, 4S*, 2'' R*, 3'' S*-guibourtinidol-(4 alpha -8)-catechin) was identified in methanol extracts of Senna macranthera pudibunda [10] .
Due to the lack of data on the phytochemical composition of representatives of the genus Senna, we have embarked upon a research project, to shed more light on the polyphenolic composition of various species of this genus. Here, we report on the identification and quantitation of polyphenolic compounds in methanol extracts of various botanical parts of Senna splendida (Vogel) H.S. Irwin & Barneby (Senna splendida) harvested from the Northeast of Brazil.
The yields, following Soxhlet extraction with methanol, of the flowers, bark, leaves and roots (10 g) of Senna splendida after delipidation with hexane were 1.218, 2.901, 4.257 and 2.938 g respectively.
A total of 27 polyphenolic compounds were detected and identified in the extracts of the botanical parts of Senna splendida by HPLC-ESI-MS (Tables 1 and 2) based on their HPLC-ESI-MS data in both negative and positive ion mode. The identification of the aglycone polyphenolic compounds was also confirmed by GC-MS (Table 3) . A major proportion were identified by comparison with data for 6.331 2.736 28.524 13.884 LOD = limit of detection; LOQ = limit of quantitation; nd = not detected. SSF = S. splendida flowers; SSB = S. splendida bark; SSL = S. splendida leaves; SSR = S. splendida roots *COV% of duplicate extractions and work-up procedures < 5%. authentic commercial standards generated under identical conditions, and in addition, the structures of (VI) quercetin Previous NMR literature data on (X) quercetin-3-O-rhamnoside-4´-O-glucoside could not be found, and so we cannot compare our ab initio data. The NMR data of quercitrin was virtually identical to that reported by of Aderogba et al., [22] also dissolved in CD 3 OD. Our data on the NMR spectra of (XV) methoxy oxyresveratrol was also very similar to that of Messana et al., [7] albeit with some minor differential solvent effects. Furthermore the NMR data for (XVIV) rubrofusarin gentobioside was also virtually identical to that reported by Hatano et al., [23] .
Of the polyphenolic compounds, 72 % were detected in one, 20 % were detected in two and only 8 % in three botanical parts. None were common to the four botanical parts.
Based on the standard curve data (Supplementary data: Table 6 ), the higher concentration (on a dry weight basis) of polyphenolic compounds (Table 4) , was detected in the leaves (28.524 g/kg) and roots (13.884 g/kg). By contrast, the values in the flowers (6.331g/kg), and especially in the bark of Senna splendida (2.736 g/kg) were considerably lower. The composition of the polyphenolic compounds in the fruit, leaves and bark were dominated by flavonoids at > 98% whereas the composition was quite different in the roots, of which the major components were napththapyrones (54 %) and stilbenes (39 %), with a very low contribution from flavonoids (5 %) and phenolic acids (2 %).
The major components (Table 4) in Senna splendida leaves were quercetin diglucoside (7.887 g/kg), kaempferol diglucoside (5.972 g/kg), rutin (3.854 g/kg), quercetin-3-O-glucoside-4´-O-rhamnoside (3.424 g/kg), kaempferol glucoarabinoside (2.105 g/kg) and quercitrin (1.311 g/kg); in Senna splendida roots methoxy oxyresveratrol (4.485 g/kg), rubrofusarin gentobioside (3.544 g/kg), rubrofusarin glucoside (1.673 g/kg), resveratrol (1.078 g/kg) and rubrofusarin tetraglucoside (1.072 g/kg); in Senna splendida flowers quercetin-3-O-rhamnoside-4´-O-glucoside (2.885 g/kg), quercetin glucoarabinoside (1.895 g/kg, and quercitrin (1.150 g/kg) and in the bark quercitrin (0.881 g/kg), myricetin (0.681 g/kg) and quercetin diglucoside (0.415 g/kg).
The antioxidant capacities of the polyphenolic compounds isolated and purified from the Senna splendida extracts was variable and data for the most and least potent are shown in Table 5 . The mean antioxidant capacity factor (ACF; see footnotes to Table 5 ) across the assays was highest for quercetin (1500), followed by myricetin (1200), rutin (1000) with chlorogenic acid, resveratrol and luteolin at an ACF of 900, and the lowest for quercetin diglucoside and p-coumaric acid (each 300). However in the ORAC assay, which is the more relevant assay with regard to reactive oxygen species (ROS) generated in vivo, the most potent antioxidant, in comparison to trolox (1.0 unit) is resveratrol (14.32 units) followed closely by quercetin (10.77 units) and vanillic acid (8.64 units).
The high levels of polyphenolic compounds in the leaves (high flavonoid levels) and the roots (high stilbene and anthraquinone levels), perhaps indicates that continuous exposure to UV light and soil pathogens (bacteria and fungi) respectively, require higher concentrations of polyphenolic compounds to prevent environmental stress, by suppressing ROS damage in the former and, infection in the latter.
In conclusion, this is the most comprehensive report on the identification and quantitation of polyphenolic compounds in a member of the Senna genus, namely Senna splendida. As far as we are aware, there are no previous substantive reports on the identification of the polyphenolic compounds present in this species and, certainly no quantitative data. Senna splendida botanical parts, of which the leaves and roots especially, are shown to contain considerable amounts of polyphenolic compounds, some of which may be potential cancer chemopreventive agents, are therefore worthy of further study. 
Experimental

Chemicals and reagents:
Soxhlet extraction of Senna splendida botanical parts:
The flowers, bark, leaves and roots were freeze-dried to constant weight, and pulverized into a fine powder. Dried material (10g, x2) was extracted with n-hexane in a Soxhlet apparatus (3 h) to remove lipid. After drying under a stream of nitrogen, the solids were extracted with methanol (3 x 3 h) as described by Owen et al. [11] . Organic solvent was removed by rotary evaporation at 35°C in vacuo.
Column Chromatography on C18: Column chromatography on C18 was conducted as described by Pfundstein et al., [12] . Combined methanol extracts, of the botanical parts after freezedrying, were dissolved in 2 % acetic acid (50.0 mL) and applied to C18 columns for fractionation. The columns were preconditioned with acetonitrile (50.0 mL), and 2 % acetic acid (50.0 mL), and were not allowed to dry. Elution was performed with solvent mixtures (50.0 mL) containing increasing concentrations of acetonitrile (5, 10, 25 and 50 %) in 2 % acetic acid followed by 100 % acetonitrile. The solvent was removed by lyophilisation prior to spectroscopic analyses.
Column chromatography on silicic acid: The dried extracts (500 mg), after suspension in methanol (50 ml) were immobilized on silicic acid (5.0 g) by lyophilization, prior to separation by column chromatography using glass columns (38 × 4.5 cm) filled with silica gel 60 in DCM to within 5 cm of the top. The immobilized extracts were added to the free volume at the top of the columns. After bedding down, fractionation was conducted by successive applications of methanol (2, 3, 4, 5, 10, 20 and 50 %) in DCM (1L). Fractions (200 ml) were collected, and the solvent was removed by rotary evaporation in vacuo at 35 °C. Dried fractions were suspended in methanol (5.0 mL) prior to analytical highperformance liquid chromatography (HPLC). The major phenolic compounds in relevant pooled fractions were purified by semipreparative HPLC.
High performance liquid chromatography-electrospray-ionisation mass spectrometry (HPLC-ESI-MS):
HPLC-ESI-MS was conducted on an Agilent 1100 HPLC, coupled to an Agilent single quadrupole mass-selective detector (HP 1101; Agilent Technologies, Waldbronn, Germany). Chromatographic separation of methanolic extracts was conducted using a C18, Gemini reversephase (5 µm), column (250  4.6 mm I.D.) Phenomenex (Aschaffenburg, Germany). The mobile phase consisted of 2 % acetic acid in doubly distilled water (solvent A) and acetonitrile (solvent B) with the following gradient: initially 95 % A for 10 min; to 90 % A in 1 min; to 80 % A in 9 min; to 60 % A in 10 min; to 40 % A in 10 min; to 0 % A in 5 min; and continuing at 0 % A until Polyphenolic compounds in Senna splendida Natural Product Communications Vol. 13 (6) 2018 711 completion of the run. Detection of phenolic compounds was by means of UV absorbance (A) at 257, 278, 320, and 340 nm at 30°C. Mass spectra in negative-ion mode were generated under the following conditions: fragmentor voltage, 100, 200 or 300 V; capillary voltage, 2500 V; nebulizer pressure, 30 psi; drying gas temperature, 350°C; and mass range, 100-1500 D. In positive-ion mode the capillary voltage was changed to 1500 V. Instrument control and data handling was by means of a HP Chemstation operating in the Microsoft  Windows software environment.
Gas Chromatography coupled with electron ionization mass spectrometry (GC-EI-MS):
Analyses in the scan mode were performed using a HP 5973 mass spectrometer coupled to a HP 6890 gas chromatograph (Agilent Technologies, Waldbronn, Germany). Prior to GC-EI-MS dried methanol extracts (50 µg/mL) were derivatized by addition of BSTFA (100 µL) with heating at 37°C for 30 minutes. Sample volumes of 1.0 µL were injected into the gas chromatograph. Separation of analytes was achieved using a HP 5MS capillary column (30 m x 0.25 mm i.d., 0.25 µm film thickness). Helium was used as carrier gas with a linear velocity of 0.9 mL/second. The oven temperature program was: initial temperature 160°C, to 270°C at 4 °C/min. and held at 270°C for 57.5 minutes. Total run-time (85 min.). The GC injector temperature was 250°C and the transfer line temperature held at 280°C. The mass spectrometer parameters in the EI mode were: ion source temperature, 230 °C; electron energy, 70 eV; filament current, 34.6 µA; electron multiplier voltage, 1200 V.
Semi-preparative HPLC:
Semi-preparative HPLC was conducted on a HP 1100 liquid chromatograph (Agilent Technologies, Waldbronn, Germany) fitted with a Zorbax Phenyl-Hexyl reversephase (9.4 x 250 mm) C18 column (Agilent Technologies, Waldbronn, Germany). For the separation of individual compounds in the extracts, the mobile phase (3 mL/min) consisted of 2 % acetic acid in water (solvent A) and acetonitrile (solvent B), utilizing the following solvent gradient profile over a total run time of 50 min: initially 95 % A for 10 min; reduced to 90 % A over 1 min; to 80 % A over 9 min; to 60 % A over 10 min; to 40 % A over 10 min and continuing at 0 % A until completion of the run. Peaks eluting from the column were collected on a HP 220 Microplate Sampler and subsequently lyophilized.
Nuclear magnetic resonance spectroscopy (NMR): NMR spectra were acquired using a Bruker Avance II NMR spectrometer equipped with a 5-mm inverse-configuration probe with triple-axis gradient capability at a field strength of 14.1 T operating at 600.1 and 150.9 MHz for 1 H and 13 C nuclei, respectively at 303 K in CD 3 OD. Pulse widths were calibrated following the described protocol [13] . The chemical shifts of 1 H and 13 C nuclei are reported relative to TMS ( = 0 ppm for both 1 H and 13 C) using the solvent signals as secondary internal references ( = 3.31 ppm for 1 H and  = 49.05 ppm for 13 C). The signal intensities of 1 H NMR signals were set to the nearest integer value of measured integral values when reported. The chemical shifts of 13 C nuclei are reported to two decimal places when sharp signals were observable directly or one decimal place when the peak was broad or the signal was observed indirectly. General NMR experimental and acquisition details for 1D 1 H, 13 C, DEPT, and 1D-selective NOESY observation and standard gradient-selected 2D COSY, HSQC, and HMBC spectra and routine chemical shift assignment using 2D NMR have been previously described [14] [15] [16] [17] . Signal assignments were also assisted by iterative calculation of chemical shifts using the chemical shift prediction routine within the ChemDraw 12.0 (www.cambridgesoft.com) program when inconclusive by correlation spectra.
Antioxidant assays:
The antioxidant capacity of purified polyphenolic compounds from the Senna splendida methanol extracts and SPE fractions were determined using the DPPH, FRAP and ORAC assays.
DPPH assay:
The pure compounds were prepared in methanol at different concentrations between 0.25 and 1.0 mg/mL and were diluted between 0.01-1.0 mM according to the method of Silva et al., [18] . Twenty microliters of the different concentrations were placed in 96 well plates in duplicate. The reaction was initiated by adding 180 µL of DPPH solution (20 µg/mL in methanol). The absorbance was read at 515 nm over 45 min with an Universal Micro plate reader Elx 800 (Bio-Tek Instruments, Winooski, VT). Steady-state levels were reached within the first 10 minutes versus a control (methanol). The concentration of the DPPH radical was calculated from a standard curve of DPPH between 1.0 and 100 µg/mL measured simultaneously. For comparison, the IC 50 values for each compound (concentration of each compound where 50 % of the DPPH radical is scavenged) were calculated using the DPPH values at 10 minutes, for different concentrations by means of the Table curve program (Jandel Scientific, Chicago, IL). . The dilution of the pure compounds was identical to that described for the DPPH assay. Ten microliters of substance was incubated with 30 µL of water and 300 µL of FRAP reagent, consisting of 25 mL of acetate buffer (300 mM sodium acetate buffer, pH 3.6), 2.5 mL of TPTZ (10 mM TPTZ in 40 mM HCl), and 2.5 mL of FeCl 3 solution (20 mM FeCl 3 .6H 2 O in water) at 37°C. Ten µL of the extracts, plus distilled water (30 µL) at 37°C were added to a 96 well-plate, and 300 µL of FRAP reagent was added to initiate the reaction. All reagents were freshly prepared and warmed to 37 °C before measurement. A calibration curve of ferrous sulfate (0.01-1.0 mM), was measured simultaneously and the results are expressed in mM Fe 2+ /L. The absorbance was read at 595nm. The reaction of all extracts reached a steady-state level after 5 minutes. A linear regression curve was generated at the 5 min. reaction time-point, for different concentrations of the extracts with the Microcal Origin 5.0 program. The EC 1 values were calculated, using these regression curves, as the concentrations of antioxidant (µM), giving an absorbance equivalent to a 1 mM Fe(II) solution according to Pulido et al., [19] .
Oxygen radical absorbance capacity (ORAC) assay: 3, 3′-Azo-bis-(2-amidinopropane) dihydrochloride (AAPH) (Wako Chemicals) was used as a peroxyl radical generator, and fluorescein (0.21µM in ORAC buffer) was used as a redox-sensitive fluorescent indicator [20] .
Aliquots of 20 µL, of a 10 mM stock solution of Trolox in DMSO stored at -20°C were defrosted, and diluted with ORAC buffer, to a final concentration of 20 µM immediately before use. The ORAC buffer, contained 75 mM dipotassium hydrogen phosphate and potassium dihydrogen phosphate at pH 7.4. 
